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摘  要 
恶性肿瘤已成为当前影响人类健康的头号杀手。虽然手术、放化疗等治疗方
法已经显著提高了肿瘤患者的生存率，但仍存在副作用大，对中晚期、远端转移
或放化疗不敏感的肿瘤患者疗效差等不足，因此有必要探寻新的更有效的肿瘤治
疗手段。近年来，溶瘤病毒因其具有杀伤效率高、特异性好、安全性高、副作用
小等特点，已逐渐成为极具潜力的恶性肿瘤治疗手段。 
新城疫病毒（Newcastle disease virus，NDV）是一种对禽类高致病、高致死
性的单股负链 RNA 病毒，属副黏病毒科、副黏病毒亚科中的禽副黏病毒属。自
20 世纪 50 年代首次发现 NDV 能够抑制晚期胃癌转移以来，许多研究已经证实
NDV 具有特异性杀伤肿瘤细胞的潜力，同时还能刺激免疫系统，提高机体自身
的抗肿瘤能力。在美国，NDV 已经被美国国家癌症研究所（NCI）列为抗肿瘤的
补充和替代疗法（CAM）。 
国外关于 NDV 的溶瘤研究主要集中在 73-T、MTH-68、HUJ、PV701 等已
经过 I、II 期临床实验的毒株；国内对于 NDV 的溶瘤研究则主要以 NDV 弱毒株
La Sota 为主，而较少有对中国分离的 NDV 强毒株 F48E9 的抗肿瘤谱和抗肿瘤
效果的研究。为此，本研究以 NDV F48E9 株为对象，初步评价了其对多种肿瘤
细胞的体外杀伤效果、对鼻咽癌（CNE1）、肝癌（HepG2）、乳腺癌（MCF7）等
细胞裸鼠皮下移植瘤的体内抑制作用，并对其安全性进行初步的评估。同时，为
了提高 NDV 的病毒滴定效率，本研究制备了 F48E9 株核蛋白（NP）的单克隆抗
体（单抗），并建立了一个基于 NP 单抗的双抗体夹心 ELISA，使其成为一个有
效的 NDV 病毒滴定方法，较传统的 TCID50测定或空斑形成法更加简便省时。本
论文的主要研究结果如下： 
(1) 本研究建立了 Vero 细胞培养 NDV 的方法，通过空斑法纯化并扩增得到
了滴度为 1.2×108 pfu/mL 的 F48E9 株病毒；使用 CCK-8 检测 F48E9 对
10 种肿瘤共 16 株细胞的杀伤效果，发现 F48E9 能够杀伤包括肝癌、肺
癌、胃癌、宫颈癌、鼻咽癌、乳腺癌、肾癌、卵巢癌、胰腺癌在内的多
种肿瘤细胞，但是不同肿瘤细胞对 F48E9 的敏感程度不同；F48E9 能够
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在肿瘤细胞中复制，不同细胞中病毒复制效率不同，并且造成细胞出现
变圆脱落等病变现象，相同时间内，初始病毒感染量，细胞病变（CPE）
越严重；用不同剂量的 F48E9 病毒感染 A549 和 HepG2 细胞，通过
Annexin V-FITC/PI 染色并流式分析后发现病毒能够促进细胞发生凋亡，
随着初始感染量的增加，发生凋亡的细胞比例逐渐增加。 
(2) 建立了 CNE1、HepG2、MCF7 细胞的裸鼠皮下移植瘤模型，在用 F48E9
进行瘤内注射治疗后发现病毒能够显著抑制肿瘤的生长并且未见对治
疗小鼠的毒副作用；F48E9 株病毒急性攻毒的小鼠与对照组相比并未出
现异常，其各组织也未出现明显病变。 
(3) 为了能够更为快速便捷的测定 NDV 病毒的滴度，本研究利用原核表达
得到的 F48E9 株核蛋白（NP）免疫小鼠制备了 7 株对 NDV 反应性良好
的单克隆抗体，筛选得到一抗体组成配对建立了双抗体夹心 ELISA 方
法用于病毒的滴定。本研究对该系统的封闭条件、样品和酶标抗体的作
用时间进行了优化。该 ELISA 方法能够有效滴定 4.6×105 pfu/mL ~ 
7.5×106 pfu/mL 的病毒，具有良好的稳定性和特异性，并且与空斑测定
病毒滴度的方法相关性良好（R2> 0.97）。 
总之，本研究验证了新城疫病毒 F48E9 株在体外和体内均具有良好的抗肿
瘤活性，为后续开发 NDV 溶瘤制剂奠定了基础；同时建立了基于病毒 NP 单抗
的双抗体夹心 ELISA，为 NDV 病毒滴定提供了一个较传统空斑滴定法更为简便
快速高通量的替代方法。 
 
关键词：新城疫病毒；溶瘤病毒；核蛋白；双抗体夹心 ELISA；病毒滴定 
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Abstract 
Cancer has been the first leading cause of death in the world. The overall survival 
rate of cancer patients has been significantly improved by surgery, radiotherapy and 
chemotherapy. However, for patients with advanced cancer and distant metastasis, there 
is still lack of effective treatment measures. Therefore, it is necessary to explore more 
effective methods for tumor therapy. Oncolytic virus is a potential treatment for 
malignant tumors because of its high oncolytic efficiency, specificity and safety as well 
as its limited side effect. 
Newcastle disease virus (NDV) is a negative-sense, single strand RNA avian virus 
with high pathogenicity and lethality. It belongs to the genus Avulavirus in the family 
Paramyxoviridae. In 1950s NDV was first found to inhibit gastric cancer metastases，
since then many studies have proved that NDV has the potential to kill tumor cells 
specifically and can also stimulate a variety of immune system to enhance antitumor 
immune response. It has been historically considered as a complementary and 
alternative medicine (CAM) by the national cancer institute (NCI) in the US. 
The research of abroad for NDV mainly focus on strains of clinical trials such as 
73-T, MTH-68, HUJ and PV701. The most common strain in Chinese studies is La Sota, 
a lentogenic strain. There is a few research about virulent strain F48E9’s anti-tumor 
spectrum and ability which was isolated in China. In this connection, this study 
investigated the effectiveness of NDV strain F48E9 in the treatment of various cancer, 
inhibitory effects of F48E9 on nasopharyngeal carcinoma (CNE1), liver cancer (HepG2) 
and breast cancer (MCF7) in nude mice in vivo, as well as its safety. In addition, for 
improving the virus titration efficiency, this study also prepared specific NP monoclonal 
antibody and established a double-antibody sandwich ELISA assay. Compare with the 
traditional plaque formation assay for virus titration its operation is complicated and 
time-consuming. The main findings are as follows: 
(1) Optimized a NDV culture system using Vero cell and obtained the purified, 
1.2×108 pfu/mL NDV F48E9 by plaque purification and cell culture. Used 
CCK-8 agent to detect the oncolytic activity of F48E9 to 16 tumor cell lines 
in vitro including liver cancer, lung cancer, cervical cancer, nasopharyngeal 
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carcinoma and so on. The results showed that F48E9 is cytotoxic to almost all 
these tumor cells but with varying degrees of ability. F48E9 can replicate in 
many tumor cells and cause cytopathic effect. The study also found F48E9 
can induce tumor cell apoptosis which showed dose-dependent manner by 
Annexin V-FITC/PI staining and flow cytometry analysis. 
(2) The study established the model of CNE1, HepG2 and MCF7 cells xenografts 
in nude mouse. After injected F48E9 intratumorally, it can be observed that 
the tumor growth of mice treated F48E9 virus were slower than mice treated 
control. F48E9 can inhibite tumor growth in vivo without side-effect. 
Compared with the control group, mice with virus infection are healthy and 
no obvious organic lesions. 
(3) For measuring the viral titer more quickly and conveniently, the study cloned 
NP gene of F48E9 and successfully expressed recombinant NP protein. 
Purified recombinant NP protein was used to immunize mice and obtained 7 
monoclonal antibodies. The best antibody pair was screened that 3C10 uesd 
as coated antibody, 4E7 used as detection antiboby and Developed a double-
antibody sandwich ELISA assay. 
(4) Optimizing the parameters of this assay and standard curve, linearity range, 
detection limit, sensitivity were determined. The linear range of standard 
curve was 4.6×105 pfu/mL ~ 7.5×106 pfu/mL, the coefficient correlation was 
0.9972, the limit of detection was 4.1×105 pfu/mL, the sensitivity was 2.47
×105 pfu/mL. This method has a good correlation with plaque formation 
assay. 
In summary, NDV F48E9 strain possesses powerful anti-tumor potency. And this 
study identified two NP mAb which could be employed to establish a double-antibody 
sandwich ELISA assay for detecting virus titer. 
 
Keywords: Newcastle disease virus; Oncolytic virus; Nucleoprotein; Double-
antibody sandwich ELISA; Viurs titration 
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缩略词 
缩写 英文全称 中文名称 
ATCC American Type Culture collection 美国模式菌种保藏中心 
APMV Avian paramyxovirus 禽副黏病毒 
bp Base pair 碱基对 
BSA Albumin form bovine serum 牛血清白蛋白 
CB Carbonated buffer 碳酸盐缓冲溶液 
CTL Cytotoxic T cell 细胞毒性 T 细胞 
DNA Deoxyribonucleic acid 脱氧核糖核苷酸 
DMSO Dimethyl Sulfoxide 二甲基亚砜 
ELISA Enzyme-linked immunosorbent assay 酶联免疫吸附实验 
FBS Fetal Bovine Serum 胎牛血清 
FDA Food and drug administration 美国食品药品监督管理局 
FITC Fluorescein isothiocyanate 异硫氰酸荧光素 
g Gram 克 
μg Microgram 微克 
ng Nanogram 纳克 
h Hour 小时 
HRP Horseradish peroxidase 辣根过氧化物酶 
HN Hemagglutinin-Neuraminidase protein 血凝素-神经氨酸酶蛋白 
IFN Interferon 干扰素 
IFA Indirect immunofluorescent assay 间接免疫荧光检测 
IgG Immunoglobulin G 免疫球蛋白 G 
ICPI Intracerebral pathogenicity index 脑内接种致病性指数 
IVPI Intravenous pathogenicity index 静脉接种致病性指数 
kDa Kilo Dalton 千道尔顿 
L Liter 升 
mL Milliliter 毫升 
μL Microliter 微升 
min Minute 分钟 
MOI Multiplicity of Infection 感染复数 
M Matrix 基质蛋白 
mAb Monoclonal antibody 单克隆抗体 
mRNA Messenger ribonucleic acid 信使核糖核酸 
NDV Newcastle disease virus 新城疫病毒 
NP Nucleoprotein 核蛋白 
NK cell Natural killer cell 自然杀伤细胞 
nt Nucleotide 核苷酸 
ORF Open Reading Fragment 开放阅读框 
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VI 
OV Oncolytic Virus 溶瘤病毒 
pH Hydrogen ion concentration 氢离子浓度指数 
PCR Polymerase chain reaction 聚合酶链式反应 
PFU Plaque Forming Unite 空斑形成单位 
PBS Phosphate Buffered Saline 磷酸盐缓冲溶液 
PAGE Polyacrylamide gel electrophoresis 聚丙烯酰胺凝胶电泳 
RNA Ribonucleic acid 脱氧核糖核酸 
rpm Revolutions per minute 每分钟转速 
RPK Receptor protein kinase 受体蛋白激酶 
SDS Sodium dodecyl sulfate  十二烷基硫酸钠 
s Second 秒 
TNF Tumor necrosis factor 肿瘤坏死因子 
WHO World Health Organization 世界卫生组织 
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